ANTI WEB ニヨル H サイショク ニ カンスル アラタナ カイソウ コウゾウ ノ ドウシュツ リロン ケイサンキ カガク ノ シンカ ト オウヨウ by 庄司, 將一 et al.
TitleAnti-Webによる$H$-彩色に関する新たな階層構造の導出(理論計算機科学の深化と応用)
Author(s)庄司, 將一; 小西, 宏; 上嶋, 章宏









Graduate School of Engineering,
Osaka Electro-Communication University
(Hiroshi Konishi)
FX Platform Co, Ltd.
(Akihiro Uejima)
Graduate School of Engineering,
Osaka Electro-Communication University
1
($H$ ) [2] , ,
. , $H$- $n/k$- $(n$,
$\iota/k\geq 2$ ) , $n/k$- [1, 41.
n/k- $\urcorner W(r?,k)$- , $H$ $W(n, k)$ (Web ), $\neg W(n, k\cdot)$ (Anti-Web )
H- , . $n\geq 2k+2$ , $\neg W(’\iota, k)$ $\gamma V(n,k+1)$
. n/k- , $n/k$ $n/k$- [3],
$\neg lV(n, k)$- . , $\neg W(;?,k)$- ,
.
2
, n/ $\neg\gamma V$(it, k)- . , $n/k$- ,
$\neg\dagger V(r\uparrow, k)$- . , $G$ , $V(G)$ . $E(G)$
. , $i1$ $K_{l}$ , .
ll/k- $lV(n,k)=(V, E)$ , $V=\{0,1, \cdots, n-1\}$ , $E=\{(i,j)|i,j\in V,k\leq|i-j|\leq n-k\}$ .
$G$ $(V, v’)$ , $W(n, k)$ $[f(v),f(\sqrt{}))$ $f$ : $\nabla(G)arrow V(W(n,k))$ $G$ n/k- .
, $\neg W(n,k)$- $\neg W(’\iota,k)=(V,E)$ , $V=\{0,1, \cdots,n-1\}$ , $E=\{(i,j)|i,j\in V,$ $1\leq|i-j|\leq k$
$l-k\leq|i-j|\leq n-1\}$ . , $\neg W(li, k)$ $i$ , $i+mn$ ($m$ ) , $\neg W(12.4)$
, $3,$ $-9,27$ ( 1( ) ). $G$ $(v, v’)$ , $\neg W(n$, $\zeta[(v),f(v’))$
$f:V(G)arrow V(\urcorner W(n,A^{r}))$ $G$ $\neg W(n$ , k $>$ . $W(12,4)$ $G$ $\neg$W(12,4)- 1 .
$f(v_{1})=4,$ $f(v_{2})=6,$ $[(v_{3})=5,$ $f(v_{4})=8,$ $f(v_{5})=7,$ $f(v_{6})=9$
$\neg W(12,4)$ $G$
1 $\neg W(12,4)$ $G$ $\neg W(12,4)$ .
$G$ $\neg\dagger V$(il, k)- , $G$ $\neg W(n, k)$ - , $\neg W(n.k)$- $\mathcal{L}(\neg W(n.k))$
. , n- ( n/k. ) $\mathcal{L}(K_{n})$ $($ $\mathcal{L}(W(n,$ $k)))$ . $n/k$- $\neg W(n, k)$- ,
n- , } $\iota\geq 2$ , $\mathcal{L}(K_{l})=\mathcal{L}(W(;\iota, 1))=\mathcal{L}(\neg W(n, \lfloor n/2\rfloor))$ .
ll/k , .
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1[3] $’\uparrow,$ $n’,$ $k$ , $2\leq’\iota/k\leq n’$/ . , $/l/k=n’$ / $\mathcal{L}(W(n,k))=\mathcal{L}(W(n’,k’))$ , $’?/k<n’/A^{d}$
} $h$ $\mathcal{L}(W(\prime l,k’))\subsetneq \mathcal{L}(W(’\uparrow’,$ $))$ .
1 , ’t/ 1 . , $n/k$ $\mathcal{L}(W(n,k))$ .
1 $n/k$- ( )
, $\neg W(ll,k)$- , , $\neg W(n.k)\sim$ ,
.
1 $p\geq 2,0\leq q\leq k$ $p,$ $q,$ $k$ , .
(a) $q=0$ , $\mathcal{L}(\neg W(p(k+1)+q,k))=\mathcal{L}(K_{k+1})$ .
(b) $1\leq q\leq k$ , $\mathcal{L}(K_{k+1})\subsetneq \mathcal{L}(\neg W(p(k+1)+q.k))\subsetneq \mathcal{L}(K_{k+\lceil q/p1+I})$ .
2 $p,p’\geq 2$ $1\leq q,q’\leq k$ $\neg W(p(k+1)+q,k)arrow$ $\neg W(p’(k+1)+q’,k)$- , .
(a) $p>p’$ $q=q^{l}$ , $\mathcal{L}(\neg W(p(k+1)+q,k))\subsetneq \mathcal{L}(\neg W(P’(k+1)+q’,k))$ .
(b) $p=p’$ $q\neq q’$ . $\mathcal{L}(\neg W(p(k+1)+q,k))-\mathcal{L}(\neg W(\rho’(k+1)+q’,k))\neq$ .
(c) $p(A\cdot+1)+q=\prime n(p’(k+1)+q^{r})$ ($\prime n\geq 2$ ) , $\mathcal{L}(\neg W(p(k+1)+q,k))\subsetneq \mathcal{L}(\neg W(p’(k+1)+q^{l},k))$ .
1 $2(a)$ , $\neg W(\sim k)$- 2 . , $i(k+1)+j$ $\mathcal{L}(\neg W(i(k+1)+j,k))$
.
2 $\neg W(’\iota$.k$\succ$ ( )
, $k=2$ $\neg W(n,k)$- , .
3 $p,p^{l}\geq 2$ $\neg W(3p+1,2)$- $\neg W(3p’+2,2)$ , .
(a) $p<2\rho^{l}+1$ , $\mathcal{L}(\neg W(3p+1,2))-\mathcal{L}(\neg W(3p^{l}+2,2))\neq\emptyset$ .
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$\neg W(P(k+1),k)$ $(k+1)$- , $K_{k+1}$ $\neg W(p(k+1);k)$ . ,
$\neg W(\rho(k+1),k)$ $l$ $v$; ( 3 ).
$\neg W(p(k+1), k)$ $K_{k+1}$
3 $\neg W(\backslash p(k+1),k)$ $K_{k+1}$
$\urcorner W(p(k+1),k)$ (k $+$ l)- $f$ . $f(v_{i})=i(m\circ dk+1)$ $f$ , $K_{k+1}$ $\neg \mathfrak{l}VCp(k+1),k)-$
$f’$ , $f’(i)=v_{i}$ $f’$
1(b)
$K_{k+1}$ $\neg W(p(k+1)+q,k)$- $(1 \leq q\leq k)$ , $\neg W(P(k+1)+q,k)$ $(k+1)$-
, $\mathcal{L}(K_{k+1})\subsetneq \mathcal{L}(\neg W(p(k+1)+q,k))$ . , $\neg W(p(k+1)+q,k)$ $i$ $v_{l}$ , $r=q(mod p)$
( 4 ). $\acute\ovalbox{\tt\small REJECT}$-L . $K_{k+1}$ $\neg W(p(k+1)+q,k)$- $f$ , $f(i)=v_{j}$ $f$ .
$\neg W(p(k+1)+q, k)$
$K_{k+\lceil q/p\rceil+1}$
4 $\neg W(p(k+1)+q.k)$ $K_{k+|q/p\rceil+1}$
$\neg l\psi(\rho(k+1)+q,k)$ $(k+1)$- . $\neg W(p(k+1)+q,k)$ (k $+$ l)- $f$ .
$\neg l^{r}V(;\iota,k)$- , $k+1$ $i,$ $i+1,$ $\cdots,$ $i+k$ , $K_{k+1}$ . , $K_{k+I}$
, $\neg W(\rho(k+1)+q,A\cdot)$ $k+1$ . $\neg W(p(k+1)+q.k)$ $v_{i}$ . $f(v_{i})=f(v_{j+k+1})$
. , $f(vo)=f(v_{p(k+1)+q})=f(v_{(parrow 1\cross k+1)+q})arrow-\ldots=f(v_{q})$ , $\urcorner W(n,k)$ . , $\neg W(p(k+1)+q,k)$
(k $+$ l)$\sim$ .
, $\neg W[p(k+1)+q,k)$ $(k+\lceil q/p\rceil+1)$- , $K_{k+\lceil q/p\rceil+I}$ $\neg W(_{\backslash }p(k+1)+q$ ,k$)$.
, $\mathcal{L}(\neg W(p(k+1)+q,k))\subseteq \mathcal{L}(K_{k+\lceil q/p1+1})$ .
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$\neg W(p(k+1)+q,k)$ (k $+\lceil$q/p$\rceil+$ l)$$ $f$ ,
$f(v,)=\{\begin{array}{ll}j(mod k+\lceil q/p1) (0\leq i<(p-r)(k+\lceil q/p\rceil))(i-(p-l\cdot)(k+\lceil q/p1))(mod k+\lceil q/p\rceil+1) ((p-1^{\cdot})(k+\lceil q/p\rceil)\leq i<p(k+1)+q)\end{array}$
$f$ ($(p-r)(k+\lceil q/p\rceil)+r(k+\lceil q/p\rceil+1)=p(k+1)+q$ ). . $K_{k+\lceil,/p\rceil+1}$
$\neg\}V(p(k+1)+q,k)$- , $\neg W(p(k+1)+q,A’)$ $k+\lceil q/p\rceil+1$
$o$
32 2
, $\neg W(n,k)$ $\neg W(n’,k)$ , $\neg W(n,k)$ $i$ $v_{i}$ . 2
. $\neg W(p(k+1)+q, A-)$ , $G(p,k)=(V,E)$
$V=\{v_{0}, v_{1}, \cdots,v_{\rho\langle k+1)}\}$
$E=\{(v_{i(k+1)}, v_{l(k+1)+\text{ }}\cdot)|0\leq i<p,$ $1\leq J\leq k|\cup\{(\mathcal{V}_{j(k+1)+j^{\mathcal{V}}l1^{k+}1)+j^{\prime)|0\leq i<p,1\leq j<f\leq k\}}}$
$\cup|(v_{i(k+1)+j}, v_{(l+1K^{k+1)}})|0\leq i<p,$ $1\leq j\leq k|$
, . $GCp,k$) 5 ( , 2
).
5 $G(p,k)$
$G(p,k)$ $\neg W(p(k+1)+q,k)$ $f$ . $\urcorner W(p(k+1)+q,k)$ ,
$f()’0)=0$ ,
$(f(v_{1}).f(v_{2}),$ $\cdots,f(v_{k})\}\in\{\{-k,$ $-(k’-1),$ $\cdots,$ $-1|$ ,
$\{-(k-1),$ $-(k-2),$ $\cdots,$ $-1|\cup\{1|$ ,
$\{-(k-2), -(k-3), \cdots, -1\}\cup\{1,2\}$ ,
$(-1\}\cup\{1,2, \cdots,k-1\}$ ,
$\{$ 1, 2, $\cdots,$ $k\}\}$
. , $f(v_{k+1})\in\{-(k+1), 0,k+1\}$ , ,
$f(v_{2(k+1)})\in\{-2(k+1),$ $-(k+1),$ $0,k+1,2(k+1)|$




$p>p’$ , $\neg W(\rho(k+1)+q,k)$ $\neg W(p’(k+1)+q,k)$ - , $\neg W(p’(k+1)+q,k)$- ,
$\neg W(p(k+1)+q,k)$- .
$\neg W(p(k+1)+q,k)$ $\neg W(p’(k+1)+q$ ,k$\succ$ $f$ .
$f(v’)=\{\begin{array}{ll}i (0\leq i<p’(k+1)+q)(i-q)(mod k+1) (p’(k+1)+q\leq i<p(k+1)+q)\end{array}$
$f$ ( 6 ).
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6 $\neg W(p(k+1)+q,k)$ $\neg W(p’(k+1)+q,k)$
$\neg l^{\ovalbox{\tt\small REJECT}}VC^{p’(k+])+q}$ ,k$)$- , $\neg W(p(k+1)+q,k)$. . $G_{a}=(V,E)$ , $G(p’,k)$
, $V=V(G(p’,k)),$ $E=E(G(p’,k))\cup\{(v_{0}, v_{p’(k+1)})|$ . $G_{a}$ 7 . G $\neg W(p’(k+1)+q,k)-$
$f$ , $f(v_{l})=i$ $f$ .
7 $G_{a}$
$G_{\iota l}$ $\urcorner W(p(k+1)+q, k)$- . G $\neg W(p(k+1)+q,k)$- $f$ , $\neg W(p(k+1)+q,A’)$ $|$
, $f(v_{0})=0$ . . $(v_{0}, v_{\text{ }(k+1)})$ $f(\mathcal{V}$ $(k+1))\in\{-k, -(k-1), \cdots, -1,1,2, \cdots,k\}$ ,
$G(p’,k)$ $f(v_{p’(k+1)})\in(-p’(k+1),$ $-(\rho’-1)(k+1),$ $\cdots,p’(k+1)\}$ , $p(k+1)+q-p’(k+1)=[p-p’)(k+1)+q>k$
, $(v_{0}, v_{p’(k+1)})$ $f(v_{l^{\gamma(k+1)}})$ . , $G_{a}$ $\neg W(p(k+1)+q,k)$- .
2(b)
$q\neq q’$ , $\neg W(p(k+1)+q,k)$- , $\neg W(p(k+1)+q’, k)$- . $G_{b}=(V, E)$ ,
$G(p,k^{-})$ ,
$V=V(G(p,))\cup\{v_{p(k+1)+1},v_{p(k+1)\underline{+}},$ $\cdots,v_{p\langle k+1)+q-1}$
$E=E(G(p,k))\cup\{(v_{p(k+1)},v_{p(k+1)+j})|1\leq j<q1\cup\{(v_{j(k+1)+j},v_{(i+1)(k+I)+j’})|0\leq i<p-1,1\leq f<j\leq k\}$
$\cup\{(v_{(p-1)(k+1)+j}, v_{p(k+1)+j’})|1\leq f<J\leq k,j’<q|\cup\{(v_{0},v_{j})|(p-1)(k+1)+q\leq i<p(k+1)+qI$
. $G_{b}$ 8 . $G_{b}$ $\neg W(p(k+1)+q,k)$- $f$ , $f(v_{i})=i$ $f$ .
$G_{b}$ $\neg W(p(k+1)+q’,k)$- . $G_{b}$ $\neg W(p(k+1)+q’,k)$- $f$ ,
(vO) $=0$ , $(v_{0}, v_{p(k+1)})$ $f(v_{p(k+1)})\in\{-k, -(k-1), \cdots, rightarrow 1,1,2, \cdots,k\}$ , $G(p,k)$
$f(v_{p\langle k+1)})\in(-p(k+1),$ $-(p-1)(k+1),$ $\cdots,p(k+1)\}$ , $\neg W(p(k+1)+q’,k)$ . $f(v_{p(k+1)})=p(k+1)$
. $f(v_{\rho(k+1)})=p(k+1)$ , $G\omega,k$) $f(v_{k+1})=k+1,$ $f(v_{2(k+1)})=2(k+1),$ $\cdots$ ,
$f(v_{(p-|)(k+1)})=(p-1)(k+1)$ . $i(0\leq i<p)$ $f(v_{i(k+1)+1})=i(k+1)+1,$ $f(v_{l(k+1)+2})=i(k^{-}+1)+2,$ $\cdots,$ $f(t_{l(k+1)+k}’)=i(k+1)+k$
. , $i=p$ , $f(v_{p(k+I)+1})=p(k+1)+1,$ $f(v_{p(k+1)+2})=p(k+1)+2,$ $\cdots,$ $f(v_{p(k+1)+q-1})=p(k+1)+q-1$ .
$q>q’$ , $f(v_{p(k+1)+q’})=\rho(k+1)+q’$ , $0,$ $p(k+1)+q’$ . $(v_{0}, v_{p(k+1)+q’})$ . ,
$q<q’$ , $f(v_{(p-1)(k+1)+q})=(p-1)(k+1)+q$ , $p(k+1)+q’-((p-1)(k+1)+q)=k+q’-q+1>k$ , $(v_{0}, v_{(p-1Xk+1)+q})$
. . $G_{b}$ $\neg W(\rho(k+1)+q’, k)$- $\square$
2(C)
$m\geq 2$ . $\neg W(m(p(k+1)+q),k)$ $\neg W(p(k+1)+q,k)$- , $\neg W(p(k+1)+q,k)$- .
$\neg l\cdot V(\mathfrak{l}7\uparrow(p(k+1)+q),k)$ - .
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8 $G_{b}$






$\neg W(m(p(k+1)+q), k)$ $\neg W(p(k+1)+q, k)$
9 $\neg W(\prime\prime z(p(k+1)+q),k)$ $\neg W(p(k+1)+q,k)$
$\neg W(p(k+1)+q,k)$- , $\neg W(m(p(k+1)+q),k)arrow$ . $G_{c}=(V,E)$ , $cC^{p,k)}$
, $V=V(G(p,k))$ . $E=E(G(p,k))\cup\{(v_{0}, v_{\rho(k+\mathfrak{l})})\}$ . $G_{c}$ 10 . $G_{c}$ $\neg W(p(k+1)+q, k)-$
$f$ , $f(v_{l})=i$ $f$ .
10 $G$
$G$ . $\neg W(m(p(k+1)+q),k)$- . $G_{c}$ $\neg W(m(p(k+1)+q),k)$- $f$ , $\neg W(\prime n(p(k+1)+q),k)$
, $f(v_{0})=0$ . , $(v0.v_{\rho\langle k+1)})$ $f(v_{p(k+1)})\in(-k,$ $-(k-1),$ $\cdots,$ $-1,1,2,$ $\cdots,$ $k\}$ .
$G(p,k)$ $f(v_{p\langle k+1)})\in\{arrow p(k+1),$ $-(p-1)(k+1),$ $\cdots,p(k+1)|$ , $m(p(k+1)+q)-p(k+1)=p(m-1)(k+1)+mq>k$




$p<2p’+1$ , $\neg W(3p+1,2)$ $\neg W(3p’+2,2)$- ( 11 ). $\neg W(3p+1,2)$ $\neg W(3p’+2,2)-$
$f$ , $\neg PV(3p’+2,2)$ , $f(v_{3p})=-1,$ $f(v_{0})=0$ $f(v_{3p})=-2,$ $f(v_{0})=0$
, 2 $v_{i-1,\mathcal{V}_{i}}$ , $|f(v_{l})-f(v_{i-1})|=2$ . $f(v_{3p})=-2,$ $f(v_{0})=0$ ,
$f(v_{1})=-1$ , . , $f(v_{3p})=-1,$ $f(v_{0})=0$ .
$\urcorner W(3p+1,2)$ $\neg W(3p’+2, k)$
11 $\neg W(3p+1,2)$ $\neg W(3p’+2,2)$
, $v_{1},$ $v_{2},$ $v_{3}$ , 2 5 . , $f(v_{2})=-1,$ $f(v_{3})=0$ (
$f(v_{2})=2,$ $f(v_{3})=3)$ , , $v_{5},$ $v_{6}$ .
, $f(v_{2})=2,$ $f(v_{3})=0$ $($ $f(v_{2})=-1,$ $f(v_{3})=-3)$ . $v_{4},$ $v_{5},$ $v_{6}$ 3 3
. , $f(vs)=-1,$ $f(v_{6})=0$ $($ $f(v_{5})=2,$ $f(v_{6})=3)$ 2 , $f(vs)=2,$ $f(v_{6})=0$ 3
, $t_{8}^{l},$ $\mathcal{V}_{9}$ .
2 $f(v_{3r})=-1,$ $f(v_{0})=0$
3 $f(v_{2})=2,$ $f(\nu_{3})=0$





$f(v_{3\langle p-1)})\in\{-3(\lceil(p-1)/2\rceil), -3(\lceil(p-3)/2\rceil), \cdots .-3,0,3, \cdots,3Cparrow 2), 3(p-1)\}$
$f(v_{3p})\in\{-3(\lceil p/2\rceil),-3(\lceil(p-2)/2\rceil), \cdots,arrow 3,0,3, \cdots,3(p-1),3p\}$
. . $f(v_{3p})=-1$ . $3i=i’(3p’+2)-1(-(\lceil p/2\rceil)\leq i\leq p)$ $i,$ $i’$ , $p<2p’+1$
, $3i\in\{-1,3p’+1\}$ . $i$ , $\neg W(3p+1,2)$ $\neg W(3p’+2,2)$- $\square$
3(b)
$p’<_{\sim}7p$ , $\neg W(3p’+2,2)$ $\neg W(3p+1,2)$- ( 12 ). $\neg W(3p’+2,2)$ $\neg W(3p+1,2)-$
$f$ , $\neg W(3p+1,2)$ , $f(v_{3p’+1})=-1,$ $f(vo)=0$ $f(v_{3p’+1})=-2,$ $f(v_{0})=0$
. , 2 $v_{i-1},$ $v_{i}$ , $|f(v_{i})-f(v_{i-1})|=1$ , $f(v_{3p’+1})=-1,$ $f(v_{0})=0$ ,
$f(vI)=1,$ $f(v_{\wedge})=2,$ $\cdots,$ $f(v_{3p’+1})=3p’+1$ , . , $f(v_{3p’+1})=-2,$ $f(v_{0})=0$ , $f(v_{3p})=-1$ .
, $v_{1},$ $v_{2},$ $v_{3}$ , 4 3 . , $f\cdot($ $)=-2,$ $f(1^{r_{3}})=0$ ,
, $\backslash ;_{5},$ $v_{6}$ .
- , $f(v_{2})=1,$ $f(v_{3})=0$ $($ $f(v_{2})=-2,$ $f(v_{3})=-3)$ , $v_{4},$ $v_{5},$ $v_{6}$ 5 5
. , $f(v_{5})=-2,$ $f(v_{6})=0$ $($ $f(v_{5})=1,$ $f(v_{6})=3)$ 4 , $f(v_{5})=1,$ $f(v_{6})=0$ (
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12 $\neg W(3p’+2.2)$ $\neg W(3p+1,2)$
$f.(v_{5})=-2,$ $f(v_{6})=-3)$ 5 , $v_{8},$ $\nu_{9}$ .
5 $f(v_{2})=1,$ $f(v,)=0$
4 $f(v_{\tau \text{ }*1})=-2,$ $f(\nu_{0})=0$






$f(v_{3t\mu-1)})\in\{-3(p’-1),-3(p’-2), \cdots,-3,0,3, \cdots, 3(\lfloor(p’-3)/2\rfloor), 3(\lfloor p’-1)/2\rfloor)\}$
$f(\iota_{3p’})\in|-3p’,$ $-3(p’-1),$ $\cdots,$ $-3,0,3,$ $\cdots,3(\lfloor(p’-2)/2\rfloor),3(\lfloor p’/2\rfloor)\}$
. , $f(v_{3p’})=-1$ , $3i=i’(3p+1)-1(-p’\leq i\leq\lfloor p’/2\rfloor)$
$i,$ $i’$ , $p’<2p$
, $3i\in(-3p-2,$ $-1|$ . $i$ . $\neg W(3p’+2,2)$
$F$ $\neg W(3\rho+1,2)$- $\square$
4
, $\neg W(n,k)\sim$ . .
$k\geq 3$ $\neg W(rr, k)-$
$\neg\gamma V(n’, k)$- , $k\neq k’$ $\neg W(n,k)$. $\neg W(ll’, V)$-
. , $\neg W(n.k)$- $n’$ /P. , $\neg W(\prime t, k)$ $W(n’, k’)$ ,
1(a)
$\neg\gamma V(p(k+1), k)$ - . , .
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